Although ginseng has long been broadly used in clinical settings around the world, few clinical trials on ginseng have been conducted. The objective of this study was to provide a comprehensive evaluation of the characteristics of ginseng clinical trials registered in the WHO International Clinical Trials Registry Platform (ICTRP) as of December 2017 regarding their frequency, design, type of ginseng, dosage, duration, condition, funding sources, and publication status. A total of 134 ginseng clinical studies were registered from 2002 to 2017, of which 60.4% were completed and 23.1% are actively recruiting participants. A large number of trials were associated with aspects of high-quality trial design. Overall, 94% of the trials employed randomized allocation to study arms, 78.4% were double-blind studies using placebo as one of the control groups, and 71% were published as completed trials. Trials whose sample size was restricted to fewer than 100 participants accounted for 74.7% of the total. Of the primary funding sources for ginseng studies, 67.2% were nonindustry organizations. The ginseng clinical trials were heterogeneous with respect to ginseng species and variety, indications, dose, duration, and participant characteristics. Clearly, stricter and methodologically suitable studies are needed to demonstrate the efficacy and safety of ginseng.
Introduction
Ginseng has been used for the treatment or prevention of diseases for thousands of years in eastern countries, and over the last three decades, it has gained popularity in the Americas, Canada, and Europe. Ginseng occupies a prominent position on the list of best-selling natural products in the world [1, 2] . In traditional Chinese medicine, ginseng is usually described as an "adaptogen," a substance that can assist an organism in overcoming various types of stress and restore homeostasis [3] . It is included in the pharmacopoeias of China, Japan, Germany, France, Austria, and the United Kingdom. Asian ginseng (Panax ginseng Meyer) and American ginseng (Panax quinquefolius L.) are the two most recognized ginseng botanicals in the world [4] . Both Asian and American ginseng have a common mixture of active ingredients, primarily ginsenosides, in varying quantities, strengths, and ratios [5] .
Although ginseng has long been broadly used in clinical settings worldwide, few clinical trials on ginseng have been conducted [6, 7] . Randomized controlled trials are the most stringent method of defining whether a cause-effect relation exists between treatment and result and of evaluating the benefits and risks of a treatment; this is also true for ginseng [8] .
To our knowledge, no formal up-to-date assessment or inventory of the ginseng clinical trial landscape currently exists. With growing concern about how clinical research is performed, a comprehensive analysis of the portfolio of recent ginseng clinical research is both necessary and timely. In our study, we adopted systematic review methodology; supplementary 1 shows the information of the PRISMA Checklist.
The World Health Organization (WHO) established the International Clinical Trials Registry Platform (ICTRP) in 2005 to develop a platform for connecting clinical trial registries and providing a unified point of access to information on clinical trials conducted around the world. Over the last ten years, the ICTRP has grown into a platform that merges data from 17 different clinical trial registries, both national and regional [9] .
The main objective of this study was to describe characteristics of the ginseng trials registered in the WHO ICTRP regarding their frequency, design, types of ginseng, dosage, duration, conditions, and funding sources. The secondary objective was to evaluate the publication status of the completed trials. There were more than 300,000 trials on a wide array of illnesses and conditions registered in ICTRP as of 25 December 2017. These trials were performed all over the world [9] .
Materials and Methods

Trial Selection.
A query of the ICTRP Web site (http:// apps.who.int/trialsearch/) was conducted by applying an advanced search function with "ginseng or ginsenoside" for "intervention." No limitations were employed for the recruitment status, start and end time, condition, or country of recruitment.
To be eligible, a trial should have a description of using Panax ginseng or ginsenosides as a monopreparation as the intervention in the trial records. Trials for all indications were included. Trials were excluded if the intervention was not ginseng or if the trial employed a mixed intervention that included ginseng. The resulting records were manually screened for eligibility by two authors (HYC, JY). Discrepancies in the classification of records were resolved by discussion between the investigators.
Data Extraction.
The following data for ginseng trial records were downloaded from the ICTRP database and imported into Excel on 25 December 2017: trial identifier, study title, primary sponsor, date of registration, register source, trial phase, recruitment status, anticipated enrolment sample size, condition studied, intervention, funding source, eligibility criteria (age group and sex), study design, and country/countries of recruitment.
Two investigators manually extracted descriptive information on the type, dosage, and duration of ginseng from the registered record in the source registry. We categorized the source of support as industry or nonindustry (university, hospital, and other) for analysis. If the lead sponsor was from industry or the study had at least one collaborator from industry, then the funding source was determined to be from industry. Otherwise, it was determined to be from nonindustry.
The publication status of complete trials was also extracted manually. Two investigators (HYC, JY) independently judged the publication status of each trial in December 2017 using a search protocol applied in previous research [10] . We manually searched Medline with the Trial identifier. If we did not identify a publication, we searched Medline again using the interventions, conditions studied and name of the principal investigator. The search results were refined, if needed, by specifying study design features, the name of the principal investigator (PI, when available), and the primary outcome. The Google Scholar database was searched in a similar fashion if the Medline search was unsuccessful. Differences were resolved by consensus.
Statistical Analyses.
Descriptive statistics were used to characterize the ginseng trials extracted from the ICTRP Search Portal. Continuous variables were reported as medians and interquartile ranges, and categorical variables were reported as proportions. All statistical analyses were performed using the SAS software (version 9.3; SAS Institute Inc., Cary, NC, USA). Missing values were excluded from analysis unless indicated.
Results
Basic Trial Characteristics.
A total of 151 registration records were retrieved from the registries. Of these trials, 50 were excluded from further analysis because the intervention was not ginseng (48 trials) or the records were systematic review for ginseng (2 trials). 33 additional studies were found by text searching with relevant terms. As a result, 134 records were defined as ginseng clinical trials (GCTs) ( Figure 1 ).
All 134 (7), and KCT (13) . No registration records were found in CTRI, DRKS, NTR, PACTR, ReBec, RPECE, SLCTR, or TCTR.
A complete summary of the basic characteristics of all evaluated trials can be found in Table 1 . With respect to recruitment status, 81 (60.4%) have been completed, 31 (23.1%) are actively recruiting subjects, and most of the remaining trials have not yet begun to recruit participants. The primary purpose in 71 (53%) GCTs was treatment disease, followed by supportive care (25, 18 .7%) prevention (19, 14 .2%) and basic science studies (16, 11 .9%). Safety/efficacy was the primary endpoint in 80 (59.7%) trials, followed by efficacy (36, 26.9%) and pharmacokinetics or pharmacodynamics (8, 6 .6%). Allocation to intervention arms via randomization was dominant (126, 94.0%) among the ginseng trials. Parallel group assignment was the most common allocation scheme (102, 76.1%), followed by crossover assignment (24, 17.9%), single group assignment (7, 5.2%), and factorial assignment (1, 0.7%). 105 (78.4%) studies used placebo as one of the control groups. A majority (105, 78.4%) of trials reported double blinding and 9% (12) single blinding, and 11.2% (15) used an open label design. The median of anticipated enrolment sample size was 60 subjects (interquartile range 39-100 subjects). Studies whose sample size was restricted to fewer than 100 participants accounted for 74.7% of the trials (100). Overall, 130 (97%) of the ginseng trials included adults, and 76 (56.7%) of the ginseng trials included seniors. Only 7 (5.2%) enrolled children. Phase 0 to II trials were the most common (49; 36.6%), and approximately one-third of the studies were Phases III to IV (39; 29.1%). The remainder of the studies did not specify a phase (46, 34.3%).
Overall, the primary funding sources of the ginseng studies were nonindustry (90, 67.2%). Only 44 trials (32.8%) were funded by industry sources.
Ginseng for Intervention.
Of the 134 trials analyzed, 91 (71.6%) were conducted using Panax ginseng as the intervention of interest, followed by American ginseng (22, 16 .4%) and ginsenoside (18, 13.4%). Three (2.2%) studies included two different types of P. ginseng. In 75 (56%) trials, ginseng was given as capsules. In 15 (11.2%) trials, ginseng was given as tablets, 5 (3.7%) trials used oral liquid, and 1 (0.7%) used tea. Thirty-six (26.9%) trials did not show what preparation was used. The dosages administered daily differed in line with the type of ginseng. Panax ginseng administration was from 0.2 g to 9 g every day. American ginseng administration was from 0.1 g to 15 g, whereas ginsenoside intake was from 0.01 g to 3 g per day. Sixteen trials were involved in comparing dose dependency. The period of ginseng administration was 3-14 days for the short-term trials (19 trials), and the longest period was 52 weeks (1 trials). Approximately 59% (79) of the trials had an intake of 4 to 12 weeks. There were 21 trials with a 4-week intake, 24 trials with an 8-week intake, 29 trials with a 12-week intake, and 7 trials with a 24-week intake. Seven trials were single-time dosing. Seventeen trials did not state the duration of ginseng intake.
Information on Conditions.
The information on the target conditions was as follows. Twenty-four (17.9%) trials recruited healthy subjects. The most common conditions were diabetes and metabolic syndrome (23, 17.2%). Fatigue (19, 14 .2%), cognitive disorders (9, 6.7%), erectile dysfunction (11, 8.2%), hypertension (9, 6.7%), cancer related symptoms (7, 5.2%), respiratory tract infection (7, 5.2%), and mental disorders (5, 3.7%) were of special concern. The rest of the studies examined the use of ginseng among people with 
Publication.
A total of 72 GCTs were listed as "completed" as of December 2014. We found that 71% ( = 51) of the trials had published their results in peer-reviewed biomedical journals and 29% ( = 21) remained unpublished after we manually searched the Medline and Google Scholar databases.
Discussion
By using the ICTRP Search Portal, we completed the first comprehensive examination of recent ginseng clinical research. From this analysis we demonstrated that GCTs make up only small fraction of all registered clinical trials. Furthermore, we determined that the majority of ginseng trials are of limited sample size, they are single-center trials with high heterogeneity in interventions and conditions, and many are not funded by industry. Although other studies have evaluated published ginseng clinical trials [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , none have focused exclusively on registered clinical trials of ginseng. Our goal in performing this review was to determine the current trends in GCT research and identify areas for potential improvement or future prioritization. Accordingly, we believe that our results offer some intriguing insights into the ginseng clinical trial domain.
The total number of registered ginseng clinical trials has been increasing steadily over recent years, particularly in Korea and China. The world ginseng annual sales exceeded $2,000 million in 2014, with the continuous global growth of healthy food consumption [21] . However, too few studies are being conducted on ginseng. The efficacy and safety of ginseng must be explicitly addressed, and ginseng clinical research mush be supported.
Although ginseng studies only accounted for a small fraction of all registered trials in the ICTRP Search Portal, the majority of the trials involved elements of good quality trial design. More than 90% of the ginseng trials applied a randomization procedure, and three-quarters were doubleblinded. The majority of the trials included a primary safety/ efficacy endpoint. These values are higher than the average of all 40,970 interventional trials registered in ClinicalTrials.gov from 2007 to March of 2010 [22] .
In our review, we found a randomized, double-blind, placebo-controlled, multicenter trial (NCT02428998), and its purpose was to evaluate the safety after 24 weeks of ginseng intake. The target sample size was 1000 adults. This is an encouraging finding, and it is our hope that an increasing proportion of future trial designs will incorporate evaluations of safety-related longer-term outcomes with large samples because the great majority of ginseng trials are of relatively short duration at the present time.
Another positive finding is that a comparatively large proportion of finished GCTs have already been published in peer-reviewed biomedical journals. Our observed publication rate (71%) of registered GCTs is higher than the rates observed in other clinical trials [11, [23] [24] [25] [26] . Reasons for failure to publish include lack of positive results, time restriction, limited resources, change of interests, or simply failure to have the paper accepted by a journal [26] . Publication bias may cause a waste of resources due to a needless repetition of trials and the possibility of harm to the study subjects [27] . Therefore, we need to make further efforts to promote accountability among researchers and industry sponsors to facilitate the timely publication of completed trials.
Fully 70% of ginseng studies registered from 2002 to 2015 included fewer than 100 participants by design. This perhaps is due to early-phase trials occupying a greater proportion with more Phases 0 to II trials compared with Phases III to IV trials. Small sample size studies are proper in some situations (e.g., early-phase clinical study, trial of rare/orphan diseases). However, small-scale trials are not as informative in many other cases, such as establishing the effectiveness of treatments with modest effects and comparing effective treatments to enable better decisions in practice [28, 29] . Small, low statistical power studies have a high risk of type II error, that is, failing to reject the null hypothesis and inappropriately concluding that a therapy or intervention is ineffective [30] .
The present study is similar to many studies done previously [15, 17, 18] showing that GCTs have been heterogeneous in terms of ginseng species or variety, indications, dose, duration, and participant characteristics. Most features of these trials were diverse. For example, the subjects were either healthy volunteers or people with health conditions such as diabetes, fatigue, hypertension, stroke, or mental disorders. Even after classifying the trials by disease/condition subcategories, the diversity remained. The duration of ginseng intake varied from 4 to 24 weeks, and the P. ginseng doses also differed, ranging from 0.3 to 15 g every day for the diabetes trials. The heterogeneity of ginseng trials makes the study results inconsistent and often difficult to interpret because the use of P. ginseng may differ. This also made it difficult to compare trials and judge whether their proposals for dose and duration are suitable.
Consistency in chemical composition and pharmacological properties is fundamental for safety and the effective intake of herbal drugs, but ginseng and other herbal products frequently fail to meet this standard [31] . The ginsenoside content of ginseng can vary depending on the genetic variability, age, locality, preservation method, harvest season, extraction method, and other environmental factors [32, 33] . Quality control and standardization of active ingredients must therefore be made available for the further elucidation of the efficacy/safety in ginseng clinical trials.
This study has several limitations. Our analysis includes only registered GCTs, and some GCTs may thus have been missed as a result of not being registered. In addition, this analysis of the ICTRP registry likely underestimates the prevalence of ginseng studies because many countries do not have a legal requirement for clinical trial registration (e.g., China, Japan) [34] , although many investigators from these countries use ICTRP to satisfy ICMJE registration requirements. Moreover, the accuracy, validity, and completeness of the data entered in the portal are solely dependent on self-reporting by the study sponsors and investigators. Thus, we cannot guarantee that our results are absolutely accurate. Nonetheless, we believe that we have provided one of the largest and most complete surveys of ginseng clinical trials to date. Another limitation of our present study is that efficacy and safety issues are not included. However, the literatures have reported that ginseng generally has a good safety profile and efficacy is also evaluated [15, 18, 35] . In future research, we will pay more attention to the safety and effectiveness of ginseng clinical trials.
Conclusion
In spite of the worldwide expansion of ginseng products as complementary and alternative medicine, P. ginseng has only been studied in a limited number of clinical trials with a relatively small number of subjects and with various conditions ranging from healthy subjects to patients with symptoms. Clearly, stricter and methodologically thorough research is needed to demonstrate the efficacy and safety of ginseng.
